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PREFACE 

The following report is the fourth volume in 
the Tracy Fish Collection Facility Studies 
series. These studies are investigating a 
variety of issues that are concerned with 
impraving overall fish salvage at the Tracy 
Fish Collection Facility. The first volume . slrmmanzed the 1991-1992 predator removal 
program and intake channel studies (Liston et 
al., 1994). The second volume sumar@d 
the 1991-1992 fish egg aud larvae continuous 
sampling program (Hiew 1995). The third . volme summan& the louver efficiency 
experiments conducted at the fish facility in 
1993 (ICarp et al., 1995). This volume 
pre~yexaminesf%orsaffectingfish 
salvage e&mates. 

A&TRACT 

‘The U.S. Bureau of Reclamation’s Tracy Fish 
Collection Facility was construM in the 
mib195O’s as part of the Central Valley 
Project Ongoing studies at the fiicility 
provideddatathatwcreusedtoin=stigate 
how season, species, time.of day, tide, and 
ptmlpratcmayinfluencefishsalvage. Itwas 
found that fish s&age is strongly related to 
seasonandalsoappezustobeinfluencedby 
time of day and tide. For example, in 1993 
and 1994, chinook salmon and splittail were 
abundant in the salvage during May, while 

Delta smelt and striped bass were more 
abundant during June. Chinook salmon, 
splittail, and Delta smelt were more abundant 
in the salvage at 2200 hours than at other 
times of day. It is also suggested that salvage 
peaks for these species may occur during 
incoming tides. The relationship behveen 
pumprateandfishsalvagewasshowntobe 
complex and multi&e& 

INTRODUCTIONAND 
BACKGROUND 

The Central Valley of California includes th? 
SacramentoRiverdrainage&0mthenor4the 
San Joaquin drainage f&m the south, and 
outflows &om several eastiside tributaries. 
Thesesystemsconvergeinthecentralportion 
ofthestate,fonningahugenaturalestuary 
(western portion kaown as the Delta) whose 
hydraulics are influenced by many factors 
in&ding tide& precipitation, -water 
outflow&exportprrmpia&irrigationpractices, 
and other fbctors (Figure 1). 

The Central Valley Project (CVP) was 
alhnizd by congress in 1934 to lqulate 
flows in the Central Valley to provide water 
forirrigation. TheCVPhasbeenopemtedby 
the U.S. Bureau of Reclamation 
(Reclamation) sinee its inception. 
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The Tracy Pumping Plant, Tracy Fish 
Collection Facility _ (TPCF), and Delta 
Mendota Canal facilities in the Delta Division 
of the CVP operate to export water for 
higation, municipal, and industrial needs in 
the south-central valley while reducing 
associated fish losses. The Tracy Pumping 
Plant is One of two large pumping plants in the 
south Delta (the other is the State-operated 
Harvey 0. Banks Delta Pumping Plant). The 
Tracy Pumping Plant dxaws water off the Old 
River channel of the lower San Joaquin River 
into the inlet to the Delta Mendota Canal 
(known as the intake channel) where it passes 
thraugh the TFCF (Figure 2). The TFCF is a 
large fish diversion and salvage facility that 
diverts fish fkom the flow before water is 
lifted into the Delta Mcndota Canal by the 
Tracy Pumping Plant. These kihties are 
located in the south Delta about 14.4 km 
northwest of Tracy, California 

TheTracytifacilitieswereco~in 
the mid-1950’s to export water. I’be i&h 
diversion system at the TFCF uses a louver- 
bypas+cokction system to divert fish &om 
export flow (Figure 2). The louver se&m is 
asystemofevenlyspacedverticalslatsthat 
traversetheehannelandallowwatertopassto 
thepumpkwhilecmatingsometurbulencethat 
thefishcandetect. Thefishguidealongthe 
IOUVCI face and are a&d into a bypass 
openingand-yintotheholdhlg~- 
The fish (and debris) are ngulatly removed 
fkomthesetanksandtransported~~lease 
SitesinthewestemDelta Thosefish~t~ 
cokcted from the holding tanks and released, 
asdescribexlabove,arerefkmdtO~“fish 
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salvage” (fish saved from the pumps). Thus 
salvage represents those- fish intercepted 
by the facility (entrained) and also guided into 
the fish bypass system. 

An agreement between Reclamation and the 
California Department of Fish and Game 
(DFG) concerning the modification and 
improvement of TFCF to reduce and offset 
direct Ssh losses was executed July 17,1992, 
following negotiations that had begun in the 
late 1980’s. In association with these 
negotiations, an aggressive program was 
i&iatedtoassistpresentfishsalvageefEorts 
and to provide long-tam solutions to existing 
problems. This study represents one aspect 
oftheoveraUef%rt. Thisstudybuildsupon 
extensive work completed previously on 
various aspects of salvage llnteragency 
Ecological study Program ofthe sacramento- 
SanJoaquinEstuary(IEP), 1978aandb, 1980, 
1987,1996 (winter); DFG, 19921 but focuses 
exclusively on the TPCF. For example, those 
fhctom cliscwd below and investigated here 
were those shown to influence fish salvage 
previously. 

Potential Factors Affecting Fish 
Saluage 

Many ihctors may influence fish salvage. _ 
lime &tots that influence louver efficiency 
(see ICarp et al., 1995; Mmm, 1977; DFG, 
1973; Bates et al., 1960) will also affect fish 
salvage. For example, fish salvage could be 
afktedbytypeofwateryear,timeofyear, 
ape&s, tide, time of day, pump rate, water 
temperature, debris load at. the louverq 
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PREFACE 

The following report is the fourth volume in 
the Tracy Fish Collection Facility Studies 
series. These studies are investigating a 
variety of issues that are concerned with 
improvins overall ti salvage at the Tracy 
Fish Collection Facility. The Grst volume . B the 1991-1992 predator removal 
programandintakechannelshxlies(Listonet 
al., 1994). The second volume sumuri& 
the1991-1992fishe~andlarvaecontinuous 
FmT program Webert, 199% flhe third . summan& the louver efficiency 
experiments conducted at the fish hdity in 
1993 (Karp et al., 1995). This volume 
pldhidly examinesfirctorstiectingfish 
salvageeshates. 

ABSZEACT 

The U.S. Bureau of Reclamation’s Tracy Fish 
Collection Facility was construM in the 
mid-1950’s as part of the Central Valley 
Project Ongoing studies at the facility 
provideddatathatwereusedtoinvestigate 
how season, species, time of day, tide, and 
pump rate may influence fish salvage. It was 
found that fish salvage is strongly related to 
seasonandalsoappearstobeinnuencedby 
time of day and tide. For example, in 1993 
and 1994, chinook sahnon and splittail were 
abundant in the salvage during NY, while 

Delta smelt and striped bass were more 
abundant during June. Chinook salmon, 
splittail, and Delta smelt were more abundant 
in the salvage at 2200 hours than at other 
times of day. It is also suggested that salvage 
peaks for these species may occur during 
incoming tides. The relationship between 
pump rate and fish salvage was shown to be 
complex and multif&eted. 

INZ!tSODUCZTON AND 
BACKGROUND i 

The Central Valley of California includes the 
SacramentoRiverdrainagefiomthenor&the 
San Joaquin drainage f?om the south, and 
outflows hm several east-side tributaries. 
l%esesystemsconvergeinthecentralportion 
ofthestate,formingahugenaturalestuary 
(western portion known as the Delta) whose 
hydnmlicsareinnuencedbymanyfhctors 
in&ding tides, precipitation, &e&water 
0utfl~expoltpumping,irxigationpractices¶ 
andotherfhctors(Figure 1). 

The Central Valley Project (CVP) was . 
authorized by Congress in 1934 to regulate 
flowshlthecen~Valleytoprovidewater 
forhrigation. TheCVPhasbeenoperatedby 
the U.S. Bureau of Reclamation 
(Reclamation) since its inception 
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The Tracy Pumping Plant, Tracy Fish 
Collection Facility _ (TFCF), and Delta 
Mendota Canal facilities in the Delta Division 
of the CVP operate to export water for 
irrigation, municipal, and industrial needs in 
the south-central valley while reducing 
associated fish losses. The Tracy Pumping 
Plant is one oftwo large pumping plants in the 
south Deb (the other is the State-operated 
key 0. Banks Delta Pumping Plant). The 
Tracy Pumping Plant draws water off the Old 
River channel of the lower San Joaquin River 
into the inlet to the Delta Mendota Canal 
(Imownastheintakechannel)whereitpasses 
through the ‘I’FCF (Figure 2). The TFCF is a 
large fish diversion and salvage fiicilty that 
dhrts fish from the flow before water is 
lifted into the Delta Mendota Canal by the 
Tracy Pumping Plant These facihties are 
located in the south Delta about 14.4 km 
northwest of Tracy, California 

ThcTraCyCVPfWlitiesweteconstructedilt 
the mid-1950’s to export water. The fish 
diversion system at the TFCF uses a louver- 
bypas+collection system to divert fish from 
export flow (Figure 2). The louver section is 
asystemofevenlyspacedverticalalatsthat 
travusethechannelandallowwatertopassto 
thepumpswhilecmatingsometurbulencethat 
thefiahcandetect. Thefishguidealongthe 
lower face and are carried into a bypass 
op&lg8ndeventuallyintotheholdingmnks. 
The iish (and debris) are regumy removed 
tirn these tanks and transported torelease 
sitesinthewestun Delta. Thosefishtllatare 
coktedfkomtheholdingtanks~~leased, 
as described above, are refd to as “fish 

salvage” (fish saved from the pumps). Thus 
salvage represents those fish intercepted 
by the facility (entrained) and also guided into 
the fish bypass system. 

An agreement between Reclamation and the 
California Department of Fish and Game 
(DFG) concerning the modification and 
improvement of TFCF to reduce and offset 
direct fish losses was executed July 17,1992, 
following negotiations that had begun in the 
late 1980’s. ln association with these 
negotiations, an aggressive program was 
initiated to assist present fish salvage efforts 
and to provide long-term solutions to existing 
problems. This study mpresents one aspect 
of the overall effort. This study builds upon 
extensive work completed previously on 
various aspects of salvage Ilnteragency 
EcologicalstudyProgramofthesacramento- 
SanJ~Estuary(lEP), 1978aandb, 1980, 
1987,1996 (winter); DFG, 19921 but focuses 
exclusively on the TFCF. For example, those 
hors dkussed below and investigated here 
were those shown to influence fish salvage 
previously. 

Potential Factors meeting Fish 
SaZvage 

Many factors may influence fish salvage. . 
Thosefactorsthatix&encelouverefficiency 
(see Karp et al., 1995; Mecum, 1977; DFG, 
1973;Batesetal., 196O)willalsoaf&tfish 
salvage. For example, fish salvage could be 
afkctedbytypeofwateryear,timeofyear, 
species, tide, Me of day, pump rate, water 
tcmpemturc, debris load at the louvers, 

. 
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operations at the State facility, and operation 
of the Delta cross channel gate. 

The type of water year (wet, normal, or dry) is 
likely to influence both the biology of many 
fishes and export rates. Th Yf=lY 
differences in salvage estimates are 
anticipated as a result of complex biological 
and physical factors related to the hydrology 
of the year and other factors. 

Many fish move seasonally and therefore 
become vulnerable to the pumps only during 
parts of the year [e.g., see California 
Department of Water Resources (DWR) and 
U.S. Bureau of Reclamation, 19941. This is 
important because the Delta is a migratory 
route for many fishes; each species’ We 
history partly defines their vulnerabiity to 
entrainment at the pumps. Many fishes are 
knowntomigrateormovefiomplacctbplace 
depend@uponseveralfifehistoryf&tors, 
one of which is time of day. Some salmon, 
for example, initially move toward the sea 
more at night than during the day (Mason, 
1975; Reimers, 1973; Hoar, 1956, 1958). 
Some data showing day/night dif%rcnces for 
salmon in the Delta also exist (IEP, 1991). 

Flow hydraulics and presumably salvage at 
theTFCFareinfluencedbytides,ahhoughthe 
actionissomewhatmodifiedduetocWancc 
from the Pacific Ocean and effects of the 
lmlly water divcrsiolls. Tidal fIuctuations are 
thought to influence louver efficiency and 
therefore would influence salvage estimates. 
It is also thought that some fish in the Delta 
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move more during ebb tides thau during flood 
tides (IEP, 1991). _ . 

Fish are presumably most vulnerable to 
entrainment at maximum pumping rates. For 
example, IEP studies showed that the young 
striped bass Delta abundance index decreased 
as tbe percentage of Delta inflows diverted 
increased (IEP, 1978a). However, water 
exports do not explain all the variability in the 
young striped bass index (IEP, 1990 and 
1991). 

Similarly, a clear relationship between pump 
rateandfishsalvagehasnotbeendetermined 
becaLIseotherfactorssimultane!ously influence 
fish salvage. An understanding of louver 
system efficiency is critical for correct 
intupretation of salvage, especially with 
respect to pump rate. That is, salvage 
estimates also depend upon whether system 
efficiency is high or low. This is variable due 
totheamountofdebrisinthesystemaud 
other fixtors (alp et al., 1995). Operation of 
tilepumpshaschangedovcrthe years(Althuc, 
1987) and the changes have likely had a 
strong influence on fish salvage. 

During the Wt few years of operation, 
plllphlgWWXlOStl~dCtCdtOthCSllUUll~ 
months-a time when some specieq were less 
vulncmbletoentrainmentbythepumps. This. 
period of peak pumping coincided with the 
presence of large numbers of young striped 
bass, however, it was believed that the ~OUVCF 
bypass system’diverted most of these fish. 
The current practice Of year-rouud pumping at 
high rates (and cmsequently higher velocities) 
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was instituted in the late 1960% with 
construction of San Luis Reservoir. One 
consequence of year-rouud pumping at 
relatively high rates is that the louver system 
may operate less efficiently than originally 
intended and could result in lower salvage 
rates than if the system were operating at 
maximum efficiency (see Karp et al., 1995). 

Other fhtors thought to influence salvage . 
esuma-includeoperationofthestatewater 
Project radial gates at the entrance to Clifton 
hut Forebay. It is believed that these gates 
dtcrthehydmlicconditionsattheTFCFand 
therefore could influence fish salvage. 

This study preliiy evaluates the 
inflmce of species, seasoq tide, time of day, 
andpumprateonsalvage. 

METHODS 

Thedatapsentdherewerecdlectedby 
StateandRc&mationpersonnelattheTFCF 
under established guidelines. Fish salvage . estmmes as obtained eom loIminute 
samples (or 5-minute samples if fish 
abundance is very high) taken every 2 hours 
throughout the 24-hour day at the TFCF. 
Thus, sampling typical@ mpreseW one- 
twcBhoftbetotalsalvage(1olmiarrtesample 
for every 20hour period). These data were 
COllCCtCdbyRCChimatiOllpersonnelandstond 
ina&tabaseattheDFGStocktonOfIict,~d 
thedata~tedhminwereobtained~m 
DFG. 

The salvage data set includes information on 
the following variables: number and types of 
fishes, time of day, date, primary depth (water 
depth measured at the primary louvers which 
was used to indicate tide), pump rate, and 
various other information not used here. 

Data were converted fkom database format to 
tipmdsheet format for ease of handling; data 
were then organized as necessary to display 
thedesiredf&ors. Manyofthefiguresinthe 
results section present raw data as a function 
of time, often within selected periods and for 
selected species. Gther figures display the 
lO-minute salvage &mates added together; 
for example all the lO-minute salvage . es&maksforchinooksalmonbetweenMay 1 
andMayl7at22OOhoursmightbeadded 
togctherandpresentedwiththesamedata 
gathered at 0800 hours (see Figure 7b). 

RESULTS AND DISCUSSION 

Fbh Salvage by Season and Year 

Fish salvage shows a clear seasonal 
periodicity. Total salvage, teprescnting all 
species, is highest in June and July for both 
1994 (Figure 3a) and 1993 (Figure 3b). 
Striped bass, the most abuadant species, 
drivestheahapeofthiscurve. GvcrallsaIvage~ 
estimateswerehigherin1993,awctyeaq 
thanin1994,acritioaldryyear. 

Fish Satvage by Species and Season 

huiividual species were most abundant in the 
salvage during specific months (Figures 4,. 5, 
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and 6). Chinook salmon were most abundant 
in the spring during both 1993 (Figure 4a) and 
1994 (Figure 5a). Young salmon are 
migrating to the ocean during these months 
and thus are vulnerable to entrainment. 
During 1994, a critical dry year, young 
chinook salmon were abundant in the salvage 
earlier in the year than during 1993, a wet 
year. Steelbead were abundant in the salvage 
slightly earlier than chinook salmon, and 
steelhead were more abundant in 1993 
(Figures 4b and 6b) than in 1994 (Figure 5b). 

Striped bass spawn in April, May, and June, 
andyoungfishweresalvagedinhighnumbers 
in June and July (Figures 4f and Sf). 
Spawning is dependent upon tempemture and, 
therefore, also related to flow in the 
Sacramento River (Moyle, 1976). Thus the 
type of water year could alter when the young 
appear in the salvage. Also, it is possible that 
wetter years provide more favorable h&tat 
for both spawning and rearing in the De&a 
Nutrient enrichment in wetter years may 
provide larger plankton populations, 
sqporthg better food chains. There did not 
appeartobeanyseasonalshiftinsalvage 
between these 2 years, however many more 
youngstripedbassweresalvagcdin1993than 
in1994(Figure6f),acriticaldryyear. 

Splittail potentially spawn &m late January 
through July, probably offen where 
streambank vegetation is flooded (Moyle 
et al., 1989). The adults comprise much ofthe 
January through April salvage, and young fish 
may be abundant in May through July 
depending on water-year type. Many more 

splittail were salvaged in 1993 (Figures 4e and 
6e) than in 1994 (Figure !e), possibly because 
the high flows of 1993 may have increased the 
availability of spawning habitat and the 
subsequent number of the young. 

Delta and longfin smelt spawn between 
February and June (Moyle et al., 1989). Both 
species are relatively uncommon in the 
salvage, but some adults are captured in 
February through April and young fish are 
entrained in May and June (Figures 4c and d 
and 5c and d). Type of water year alters the 
location of the entrapment zone which may 
affkct young smelt distribution and 
susceptibility to entrainment by South Delta 
export Pumps. 

American shad were abundant in the salvage 
during November, December, and January in 
1993 (Figure 4g) and in July and November 
1994 (Figure 5g). 

Seasonal salvage could be directly &&ted by 
pumpingrates. InanattempUoseeseasonal 
trends without the infhlence of pumping rate, 
cxpau&d salvage is also presented as salvage 
perunitofwaterpuInped(Figures4and5, 
right-side scale). In most cases, adjusting for 
pumpratedoesnotaltertheseasonalpattems 
showninFigures4and5. 
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Fish Salvage by Species, Time of 
Day, and Tide 

Chinook Salmon, 1993 

Time of day and tidal influences were 
waluatedduringperiodsofspeciesabundance 
and when pump rates were datively uniform. 
The period from May 1 through May 17, 
1993, was selected to evaluate the influence of 
time of day and tide on chinook salmon 
dvagt because pumping rates were uniform 
andchinooksahnonwemabundantduringthis 
period. Each 20hour salvage estimate is 
displayedbytimeofdayfortheperiodMayl 
through May 17,. 1993. Several instances of 
daily peak salvage counts occurred at 2200 
(Figure 7a). The total number of chinook 
salmonsalvagedfiomMay1through.May17 
is shown by hour in Figute 7b, again showing 
that total salvage at 2200 hours is more than 
double that of other hours. 

Daily tidal fluctuations are plotted with 
expanded salvage of chinook salmon from 
May 1 through May 17, 1993 (Figure 8). 
Several peaks appear to coincide with an 
incoming tik, this could be investigated 
further to discem whether any time tidal 
influence occurs. The single biggest peak 
occurred on an incoming tide at 2200 hours. 
Chinook salmon have been known to hold in 
the secondary louver system and it may be 
that, with loss of visual orientation at nigh& 
these fish are more easily moved into the 
holding tanks. The counts at 2200 hours 
represent the first comt after dark ad -Y 
indicate that more chinook salmon are drawn 

. . 

into the facility at this time. Furthermore, 
incoming high tide brings. in Sacramento 
River water, which carries the bulk of the 
chinook salmon. 

. 

. 

These data, used here to represent tidal 
fluctuation, also reflect the altered hydraulics 
of the facility as the tide changes. For 
example, during an incoming tide, more water 
comes through the louvers to fill the intake 
chameb the opposite is true during an 
outgoing tide. These hydraulic changes, 
associated with tide, may alter system 
efficiency and thus fish salvage. 
Simultaneously, tides may influence fish 
distributions which could also change fish 
salvage edmates. 

Splittail, 1993 

TheperiodfiomJuneSthroughJunelSwas 
selected to investigate the influence of time of 
day and tide on young-of-year (30 mm) 
splittail because pump rates were relatively 
dorm and splittail were abundant in the 
salvage. Each 2-hour expanded salvage 
esthate for splittail are plotted for the dates 
hme 5 through June 15 (Figure 9a). Splittail 
showed slightly increased salvage at 
0800 hours and 2200 hours (Figure 9b). 

Dailytidalfluctuationsduringthesameperiod . 
arc plotted with the 2-hour expand4 salvage . estunaW~igum 10). Severalpeakaappearto 
occur during the incoming tide. 
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Delta Smelt, 1994 

The period of May 3 through May 26 was 
selected to look at Delta smelt. Two-hour 
salvage estimates are plotted by time of day 
for each day of this period (Figure 1 la). The 
total number of Delta smelt salvaged during 
this period are shown by time of day in 
Figure 11 b; more fish move into the TFCF at 
2200 hours than at othertimes during the day. 
Expanded salvage is also plotted with tidal 
fluctuations, and several peaks appear to 
coincide with the incoming tide (Figure 12). 
TheseDeltasmeltarepostlarvalsizeandonly 
about 1 inch (25 mm) long. They are not 
good swimmers at this point so it seems 
unlikely that these fish would be exhibiting 
athaction to light or loss of visual orientation 
It is possible that high incoming tides could 
move larval smelt toward the fish faciiity. 

Fish Salvagb and Pump Rate 

Rump rate likely has an influence on salvage 
e&mates. However, pump rate will only 
influencefishalreadyinthevicinityofthe 
facility, thus there is an interaction between 
the influence of pumping rate and season on 
fishsalvage(seeFigure3andcompareto 
Figure 14). Pumping rates have changed 
&am&ally over the years. Figure 13 shows 
average monthly pumping rates by year. 
During 1954 to the late 1960’s, pumping rates 
were high from about April through 
September but then fell off dramatically 
duringtherestoftheyear. Startinginthelate 
1960’s or early 1970’s, pumping came closer 
to maximum rates year-around. These 

changes were associated with the CoIMruction 
of additional features of the CW, including 
the San Luis Reservoir and the San Felipe 
Unit of the CVP. 

Previous studies (see DFG, 1992) showed that 
the young striped bass abundance index was 
related to the mean June and July Delta 
outflow and the effective percent inflow 
diverted. These studies generally combined 
StateandFederalexportrates. ‘Ihepurposeof 
this study was to focus on pump rate at the 
Tracy Fish Salvage Facility (exchrsively) and 
fish salvage. 

To get a clear picture of overall pump rate 
influences on salvage, it would be necessary 
tolookathistorical~dataf?om1993and 
1994 can be used to investigate pump rate 
effects only in a restricted manner, not 
repmsentingthebroadinfluencesofthe 
pumps. Furthermore, salvage estimates will 
be influenecd by system efficiency @Carp et 
al., 1995) and system efficiency likely 
changes with pumping rate and species. 

In the early 1990’s, pumping rates began 
decmasiqduringthesummer months. In 
1993, a wet year, pumping was nearly 
maximum tirn January through April and 
Julr throu%h -,~~=h-@ng 
wcurrcdinMayandJune(Figure14)because . 
0fendangeredspecicsissues. In1994,a 
critical dry year, pumping rates were highly 
variable and generally lower than during 
1993. To look at potential pump rate 
infhences on fish salvage within 1993 and 
1994, we plotted daily salvage by species and 

7 
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pump rate during the month of May 1993 
(Figure 15). The presentation of data in this 
fhnat partly masks any true relationship 
between pump rate and salvage because 
salvage estimates are summed for the day and 
pump rates are expressed as a daily average. 
To clearly see the impact of the pumping rate, 
it would be necessary to plot 2-hour salvage 
amtsand hotiypump rates because the 
response of the fish will likely be more 
immediate than delayed. 

CONCLUSIONS AND 
RECOMMENDATIONS 

The TFCF was designed in the mid-1950’s to 
salvage young !stlipcd bass and young 
migrating chinook salmon tirn flows being 
exported to the Delta Mendota Canal. It is 
now recognized that over 40 species of fish 
maypassthfoughthefulity,andsomeof 
these are endangered species. Increased 
analysesofrecentfishsalvagedata8re 
d&tcdatgainingacleareruadastandisgof 
fitaorsthatmaybeti~salvage. 

Fiis&ageatTFCFisinflucncedbymany 
f&ton, only some of which are exam&l in 
this repor% The data presented demonstrate 
that the basic biology and life history of each 
speciespartlydetcxminewhcnthcfishare 
ncarthcpumpsandwhctherthcfish~ 
salvaged. For example, each species shows 
&8m&ticsea~onalpatternsinthesal~e 
data Time of day and tidal fluctuations 
appear to idl~ce salvage for some species 
SU& 8~ chinook salmon and Delta smelt. 

Pump rates are assumed to influence salvage 
and some va&ions are-shown in these data. 

Care must be taken in the interpretation of 
salvage estimates becaw salvage efficiency 
is not uaifon?l (Karp et al., 1995). System 
efficiency varie!s by species and due to factors 
like bypass velocity, which can be altered by 
tideanddcbrisloading. TheStateandFederal 
salvage facilities are probably the largest fish 
sampling gear in the world. In spite of bii 
inherent in the salvage samples, ti database 
nqxesentsanimportantsourceofinfoImation. 
The following recommendations are offered: 

d We recommend that more effort be 
dkctedatanal~‘thefishsalvagedatasets 
becapsethesedatarepresentanimpoltant 
source ofinformstionroutinely oollecte& The 
1993and1994databasescouldbeusedto 
develop hypotheses that could then be tested 
inotheryears.Atimelinecouldbecreated 
ShOWillgthCimpoaant~&ewcptsfhaf 
likely influence fish salvage at TFCF (e.g., 
changes in sampling routines). This chart 
would improve in&qmtation of these data 

(/ Plot Old River, Middle River, and 
San Joaquin River flows’and fish salvage . csbma@.Thcselesults&leastforsalmony 
couldthcnbecomparcdwitb coded&tag _ 
info!Tnation [IEP, 1990,1991,1992 (winter)]. 

(/ TbcinfluenccoftheStateWatexProjcct 
radial gate operation on salvage could be 
investigated It is bclicvcd that the operation 
ofstate WaterRojectmdialgatcsmayimpact 
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the TFCF salvage, possibly by affecting 
bypass velocities and debris loads. 

d The database could be evaluated by 
species for the months March through July to 
look for impacts associated with pump rates. 
This will help assure that altering pump rates 
will reduce entrainment, especially of 
sensitive species. There are existing estimates 
of system efficiency as a function of pump 
rate and these could be used to help in-ret 
the salvage data The immediate response of 
the fish to the pumps should be evaluated by 
using the IO-mimate counts measured every 

2 hours and hourly pump rate data (not 
average daily data). _ 

(/ A fouxier transform analysis (or alternative 
statistical analysis) could be conducted on the 
tidal data to test whether more fish are 
salvaged on incoming tides. 

ti Use the database to look for changes in 
fish salvage as a diction of the Delta barrier 
operations. 

d Evaluate salvage data as a function of the 
percent of Delta inflows that are diverted by 
the State and Federal tiilities. 
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Figure 3. - Expanded salvage by month for 1993 and 1994. (A) Expanded salvage 
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Figure 7. Chinook salmon expanded salvage and time of day. (A) Chinook salmon 
expanded salvage shown as a function of time of day from May 1 through May 17,1993. 
Each bar represents a two-hour salvage count and is placed at the time of day that it 
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Figure 13. - Pump rates by month at the Tracy Pumping Facility loom 1954 through 1994. 
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Figure 13. - Pump rates by month at the Tracy Pumping Facility fkom 1954 through 1994 (continued). 
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Figure 15. - Expanded salvage and daily pump rates shown for May 1993. 
(A) Chinook salmon salmon, (B) splittail, and (C) striped bass. 
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